Abstract Lower extremity peripheral artery disease (PAD) affects 8 million men and women in the United States and will be increasingly common as the U.S. population lives longer with chronic disease. People with PAD have poorer walking endurance, slower walking velocity, and poorer balance, compared with individuals without PAD. People with PAD may reduce their walking activity to avoid leg symptoms. Thus, clinicians should not equate stabilization or improvement in exertional leg symptoms with stabilization or improvement in walking performance in PAD. In addition, even asymptomatic PAD patients have greater functional impairment and faster functional decline than individuals without PAD. Of the 2 FDA-approved medications for treating claudication symptoms, pentoxifylline may not be more efficacious than placebo, whereas cilostazol confers a modest improvement in treadmill walking performance. Supervised treadmill walking exercise is associated with substantial improvement in walking endurance, but many PAD patients do not have access to supervised exercise programs. Unsupervised walking exercise programs may be beneficial in PAD, but data are mixed.
Introduction
Lower extremity peripheral artery disease (PAD) affects 8 million men and women in the United States [1] and is expected to be increasingly prevalent as the U.S. population survives longer with chronic disease. Risk factors for PAD include diabetes mellitus, cigarette smoking, elevated levels of LDL cholesterol, and hypertension [1] . Patients with PAD have an increased rate of cardiovascular events, compared with patients without PAD. Even after adjusting for atherosclerotic disease risk factors and cardiovascular disease history, people with PAD have a 1.6 to 2.0 fold increased rate of cardiovascular events and all-cause mortality, compared with individuals without PAD [1] [2] [3] . Therefore, the clinical care of patients with PAD consists of secondary preventive therapies to prevent cardiovascular events, including LDL-lowering therapy, blood pressure control, and assistance with smoking cessation. For reasons described below, management of patients with PAD should also include interventions to improve functional performance and prevent functional decline.
Compared with the association of PAD with cardiovascular events, the association of PAD with functional impairment and functional decline may be less well appreciated. Only a small proportion of patients with PAD develop gangrene, require amputation, or undergo surgical revascularization [4] [5] [6] . In addition, in some surgical series, patients with claudication report that over a 5 year period their claudication symptoms are unchanged or have even improved [4] [5] [6] . Thus, the natural history of PAD with regard to lower extremity outcomes has been traditionally considered benign [4] [5] [6] . However, the phenomenon of stabilization or improvement in claudication symptoms is explained in part by restriction of physical activity to avoid ischemic leg symptoms [7] . In addition, even asymptomatic patients have greater functional impairment and faster functional decline than individuals without PAD [7, 8] . Thus, improvement or stabilization of symptoms should not be equated with improvement or stabilization of functional performance. Assessment of lower extremity outcomes in PAD should include objective measures of functional impairment and decline, to objectively assess changes in functional performance, even among PAD patients without claudication symptoms.
PAD is Associated with Lower Physical Activity Levels and Functional Impairment
Among 726 men and women in the Walking and Leg Circulation Study (WALCS) cohort who completed a 6-minute walk test, participants with an ABI <0.50 were nearly 12 times more likely to need to stop and rest during the 6-minute walk test, compared with participants with a normal ABI value [9] (Fig. 1) . Those with ABI 0.50 to <0.70 were nearly 7 times more likely to need to stop during the 6-minute walk, and those with an ABI of 0.70 to <0.90 were nearly 3 times more likely to need to stop during the 6-minute walk, compared with participants with a normal ABI [9] (Fig. 1 ). These results demonstrate that people with PAD have poorer walking endurance than individuals without PAD and that more severe PAD, as indicated by a lower ABI value, is associated with greater impairment in walking endurance, compared with individuals without PAD. Similar associations between the ABI and distance achieved during the 6-minute walk, walking velocity at usual pace, and walking velocity at fastest pace were also observed in the WALCS cohort [9] . For example, participants with ABI values <0.50, 0.50 to <0.70, 0.70 to <0.90, and ABI 0.90 to <1.10 achieved shorter distances in the 6-minute walk of −515, -323, -335, and −102 feet, respectively, compared with participants with an ABI value of 1.10-1.50 [9] . ABI values of <0.50, 0.50 to <0.70, 0.70 to <0.90, and ABI 0.90 to <1.10 were associated with slower walking velocity by magnitudes of −0.21, -0.16, -0.17, and −0.09 meters/seconds, compared with individuals with an ABI of 1.10-1.50 [9] . Even standing balance is impaired among people with lower ABI values. Among individuals in the WALCS cohort, ABI values of <0.50, 0.50 to <0.70, and 0.70 to <0.90 were associated with 0.37, 0.47, and 0.73 lesser odds of being able to hold a tandem stand (ie, stand with one foot directly in front of the other) for 10 full seconds, compared with WALCS participants with a normal ABI [9] . Physical activity levels are also substantially lower among individuals with lower ABI values, compared with individuals with normal ABI values [9] . In summary, PAD is associated with greater functional impairment than individuals without PAD. More severe PAD is associated with progressively greater functional impairment.
PAD and Functional Decline Over Time
Low ABI values are also associated with faster rates of functional decline over time, compared with individuals without PAD [8, 10•, 11•] . Although patients with PAD decline in many aspects of functional performance, they are particularly limited in walking endurance.
In the WALCS cohort of men and women age 55 and older, individuals with ABI <0.50 at baseline had an average annual decline in 6-minute walk performance of −73.0 feet per year, those with ABI 0.50 to 0.90 had an average decline of −58.8 feet per year, and those with a normal ABI had an average decline of −12.6 feet per year [8] . These rates of functional decline take into account differences in comorbidities, age, sex, and other characteristics across the 3 ABI categories. These results demonstrate that at 2-year follow-up, people with PAD have faster rates of decline in functional performance than people without PAD. Furthermore, more severe PAD at baseline is associated with faster functional decline.
At 5-year follow-up in the WALCS cohort, participants with PAD had higher rates of mobility loss, compared with individuals without PAD [10•] . Lower ABI values, consistent with more severe PAD, were associated with higher rates of mobility loss. Mobility loss is defined as becoming unable to climb a flight of stairs or walk one-quarter mile without assistance in people who could previously complete these tasks without assistance. Compared with participants with a baseline ABI value of 1.10 to 1. 30 [9] these data demonstrate that PAD is associated with an increased rate of mobility loss, compared with individuals without PAD, and that more severe PAD, measured by lower ABI values, is associated with greater mobility loss. Importantly, these results also show that even people with mild PAD, measured by an ABI of 0.90 to 0.99, and those with low normal ABI values, measured by an ABI of 1.00 to 1.09, have higher rates of mobility loss compared with people without PAD.
Assessing Change in Functional Performance Over Time in Patients With PAD Clinicians should not be reassured by stabilization or improvement in leg symptoms. Because patients with PAD may slow their walking speed or reduce their walking activity in order to avoid leg symptoms, patients with PAD may describe their leg symptoms as stable or even improved over time. Patients with PAD who report no exertional leg symptoms frequently will develop leg symptoms during a 6-minute walk test [9] . These asymptomatic PAD patients have slowed their walking speed or limited their walking activity to avoid exertional leg symptoms. In addition, PAD patients who report no exertional leg symptoms nonetheless experience decline in 6-minute walk and other functional outcomes over time [8, 11•] . Thus, clinicians should not equate stabilization or improvement in leg symptoms with lack of functional decline.
In contrast to leg symptoms, an objective test, such as the 6-minute walk, can measure walking endurance in patients with PAD and can be used to track change in functional performance over time. The 6-minute walk can be performed in a clinician's office. A 100-foot hallway and a stopwatch are required. PAD patients are asked to walk back and forth along the 100-foot hallway for 6 minutes, with the goal of achieving the greatest distance possible during the 6 minutes. PAD patients are allowed to stop and rest. However, the stopwatch continues running while the patient rests. The distance walked during the 6-minutes is recorded at the end of the time period. This 6-minute walk can be repeated over time to track changes in functional performance.
The 6-minute walk is a well-validated measure of functional impairment in people with PAD, with excellent test/re-test reliability [12] [13] [14] . Among people with PAD, poorer 6-minute walk performance is associated with increased rates of all-cause mortality, cardiovascular mortality, and mobility loss [15, 16] . In addition, among people with PAD, greater declines in 6-minute walk performance during a 2-year period are associated with higher subsequent mortality and mobility loss [17] . Thus, the 6-minute walk is useful both for tracking decline in functional performance and for assessing prognosis regarding functional decline and mortality in people with PAD.
Asymptomatic PAD and Functional Impairment or Decline
Intermittent claudication is the classic symptom of peripheral artery disease [18] . Intermittent claudication is characterized by exertional calf pain that does not begin at rest and resolves within 10 minutes of walking cessation. However, it is now recognized that most patients with PAD do not have these classical symptoms of intermittent claudication [19, 20] . Many patients with PAD are asymptomatic (ie, they have no exertional leg symptoms) and others have exertional leg symptoms other than classic intermittent claudication symptoms. The prevalence of classic intermittent claudication symptoms varies from approximately 10 % in community dwelling men and women with PAD to 30 % in patients with PAD identified from a non-invasive vascular laboratory [19] [20] [21] [22] . The prevalence of asymptomatic lower extremity atherosclerosis varies from 20 % among PAD patients identified from a vascular laboratory setting to 67 % among community-dwelling elderly with an ABI <0.90 [19] [20] [21] [22] [23] [24] . Even PAD patients who are asymptomatic have greater functional impairment and faster functional decline than individuals without PAD [21] . For example, in an analysis of community-dwelling women age 65 and older who reported no exertional leg symptoms, women with low ABI values were more likely to report inability to walk ¼ mile or climb a flight of stairs without assistance, compared with women with normal ABI values [21] . Among WALCS study participants, those with asymptomatic PAD at baseline had an average annual decline in 6-minute walk performance of −76.8 feet per year at 2-year follow-up, compared with −8.7 feet per year among WALCS participants without PAD at baseline. Finally, among WALCS study participants who had asymptomatic PAD at baseline and did not develop leg symptoms during the 6-minute walk, the hazard ratio for mobility loss at 5-year follow-up was 2.94 (95 % CI = 1.39-6.19), relative to WALCS participants without PAD at baseline [11•] .
Therapeutic Strategies for Functional Impairment and Functional Decline in PAD
A summary of therapeutic strategies for functional impairment in PAD is shown in the Table 1. Only 2 medications are FDA-approved for treatment of functional impairment in individuals with PAD. Pentoxifylline was FDA-approved in 1984 and cilostazol was approved in 1999 for treatment of walking impairment due to intermittent claudication symptoms. Pentoxifylline is a methylxanthine derivative that was originally believed to improve walking performance in PAD by reducing blood viscosity. However, recent evidence suggests that pentoxifylline is not much better than placebo for improving treadmill walking performance in patients with PAD [25] . Side effects of pentoxifylline include abdominal bloating, diarrhea, flushing, and palpitations. Pentoxifylline is dosed 3 times daily. Cilostazol is a phosphodiesterase 3 inhibitor that confers a 40 % to 50 % improvement in treadmill walking performance [26] . This is a modest gain in walking performance, compared with supervised treadmill exercise [27] . Cilostazol is also associated with improvements in patient quality of life [28] . Side effects of cilostazol include diarrhea, headache, and palpitations. Although asymptomatic PAD is associated with functional impairment and decline, no medications have been approved specifically for treatment of asymptomatic PAD.
Supervised Treadmill Walking Exercise for PAD
Supervised treadmill walking exercise is a highly effective therapy for improving walking performance in patients with PAD. A Cochrane Collaboration meta-analysis of randomized controlled clinical trials published in 2008 demonstrated that supervised treadmill walking exercise increases maximal treadmill walking time by 5 minutes and maximal treadmill walking distance by 82.2 meters compared with usual care [27] . The most effective supervised treadmill exercise interventions consist of treadmill exercise sessions conducted at least 3 times weekly and including at least 30 minutes of walking exercise per session. Supervised sessions include an exercise physiologist or person of similar skill who monitors the PAD patient, establishes goals, and encourages the PAD patient throughout their walking exercise. The most effective supervised exercise programs are those in which the patient pushes themselves to develop ischemic leg pain during walking exercise [30] . Improvement in ischemic walking symptoms typically occurs 4 to 8 weeks after the start of a supervised treadmill exercise program and continues for as long as the participant continues in the supervised walking exercise program [30, 31] . If the participant stops exercise, improvements in walking exercise are typically lost over time [30] . Although most clinical trials have been conducted in PAD patients who have intermittent claudication symptoms, a recent trial included PAD participants who were asymptomatic or had atypical exertional leg symptoms other than intermittent claudication [32••] . This trial demonstrated significant improvements in walking endurance and quality of life in response to supervised treadmill exercise even among PAD patients who were asymptomatic or who had atypical exertional leg symptoms other than intermittent claudication [32••] . While supervised treadmill walking exercise is associated with significant improvements in walking performance among people with PAD, medical insurance typically does not pay for this exercise intervention. Many PAD patients do not participate in supervised treadmill walking exercise [33, 34] . A successful response to a supervised treadmill exercise intervention requires that the PAD patient be committed to attending sessions 3 times weekly and that they continue with the exercise program over the long-term.
Unsupervised Walking Exercise for Patients with Peripheral Artery Disease
Unsupervised walking exercise programs are attractive for patients with PAD in part because many PAD patients may not have access to supervised walking exercise programs. However, a Cochrane Collaboration meta-analysis that summarized evidence from randomized clinical trials comparing supervised and unsupervised walking exercise programs concluded that unsupervised walking exercise programs are less effective than supervised walking exercise programs for patients with PAD and intermittent claudication [35] . However, this meta-analysis conclusion was based on 5 clinical trials that involved a total of 85 participants [35] . Two more recent trials of unsupervised walking exercise in PAD patients included 119 and 145 participants, respectively [36••, 37••]. A study by Gardner et al. randomized 119 participants with PAD and intermittent claudication to supervised treadmill exercise, unsupervised treadmill exercise, or a control group. PAD participants in the supervised treadmill exercise arm exercised 3 times weekly for 40 minutes. PAD participants in the unsupervised treadmill exercise arm exercised 3 times weekly for 45 minutes and were provided with pedometers and walking logs. Participants in the unsupervised exercise group had contact with the study team twice weekly during which the study team provided feedback on their walking progress. At 6-month follow-up, participants in each of the exercise arms had significantly increased their maximum treadmill walking time and their pain-free treadmill walking time, compared with the control group [36••] . The degree of improvement in maximum and pain-free walking time was greater in the supervised treadmill exercise group than in the unsupervised walking exercise group, but the difference was not statistically significant [36••] . A separate study by Collins et al. randomized 145 patients with intermittent claudication and diabetes mellitus to a home-based exercise program or an attention control group. Participants in the home-based walking exercise program attended weekly walking exercise sessions at an exercise center and were asked to walk an additional 3 days per week at home. Participants had bi-weekly contact with study staff, during which their walking exercise progress was monitored and feedback was provided [37••] . At followup, there was no significant difference in maximum or painfree treadmill walking distance between the intervention and control groups [37••] . In summary, evidence regarding the ability of a home-based exercise program to improve walking endurance in patients with PAD remains unclear.
Upper and Lower Extremity Ergometry Exercise in PAD
Although supervised treadmill walking exercise is the most well studied exercise intervention for patients with PAD, recent evidence supports upper and lower extremity ergometric exercise for patients with PAD [38] . These exercise interventions entail arm or leg ergometry cycling at a rate of 50 revolutions per minute. Two-minute bouts of exercise are alternated with 2 minutes of rest until a total of 20 minutes of exercise has been achieved. In 1 representative study that included an arm-ergometry group, a leg ergometry group, and a control group, maximal walking distance increased by 29 % in the upper arm aerobic exercise group and by 31 % in the lower arm aerobic exercise group at 24-week follow-up. Time to onset of claudication pain increased by 51 % in the upper extremity ergometry group and by 57 % in the lower extremity ergometry group. There were no changes in maximal walking distance or time to onset of claudication pain in the control group. In summary, available data suggest that arm and leg ergometry exercise are each effective for improving walking endurance in patients with PAD.
Lower Extremity Endovascular Revascularization to Improve Functional Performance in PAD
Rates of lower extremity endovascular procedures are increasing. A better understanding of the relative benefits of lower extremity endovascular revascularization interventions for improving walking performance in patients with PAD is needed.
A recent meta-analysis of 8 clinical trials that compared lower extremity endovascular revascularization interventions with exercise interventions in PAD patients with aorto-iliac or femoropopliteal disease concluded that neither therapy was clearly superior. However, the combination of endovascular revascularization with exercise was better than either therapy alone [39••] . When counseling patients about endovascular and exercise therapy, it is important to advise them that endovascular therapy typically results in immediate improvement in walking performance, while supervised walking exercise interventions typically require weeks before substantial improvement in walking performance is realized. In addition, sustaining the benefits of supervised exercise requires that patients continue exercise over the long-term. However, endovascular procedures are associated with greater risks, periprocedurally, than supervised walking exercise. In addition, endovascular procedures are associated with risk of re-stenosis, which increases with length of time after the procedure. The CLEVER trial randomized 111 PAD participants with aorto-iliac atherosclerosis to 1 of 3 groups: optimal medical care, optimal medical care plus supervised exercise, or optimal medical care plus stent revascularization [40••] . At 6-month followup, participants randomized to optimal medical care plus supervised treadmill exercise therapy achieved significantly greater improvement in treadmill walking performance than the group that received optimal medical care plus stent revascularization. However, more consistent improvement in quality of life outcomes was observed in the group that underwent stent revascularization, compared with the exercise group [40••] . Thus, the CLEVER study demonstrates that supervised treadmill exercise is superior to stent revascularization for the primary study outcome of maximal treadmill walking time at six-month follow up.
Mechanisms of Functional Impairment and Functional Decline in PAD are not Well Understood
Although the association of PAD with functional impairment and functional decline is well documented, mechanisms of these associations are unclear. PAD is characterized by obstructions in lower extremity blood flow. Yet obstruction to lower extremity blood flow does not appear to be the only determinant of functional impairment in PAD. First, reversal of lower extremity arterial obstruction with revascularization does not reverse functional impairment comparably with the degree of improvement in lower extremity blood flow [29] . Secondly, observational study shows that functional decline in patients with PAD occurs to a greater degree than ultrasound-measured progression of lower extremity atherosclerosis [41] . Third, supervised treadmill exercise improves functional performance, but is not typically associated with improvement of lower extremity arterial obstruction [27] . These phenomena suggest that factors other than lower extremity arterial obstruction contribute to functional impairment in PAD. In addition, there is evidence for an ischemia-related myopathy in calf skeletal muscle that consists of calf muscle atrophy and increased infiltration of calf muscle with fat tissue, a finding that is independent of differences in physical activity levels between individuals with vs without PAD [42] . Preliminary evidence also suggests that PAD is associated with mitochondrial dysfunction, and that this association is not fully reversible with lower extremity revascularization [43, 44] . Larger and more numerous collateral vessels may be associated with better functional performance in PAD, but further study is needed to better characterize these associations [45] . An improved understanding of mechanisms of functional impairment and decline in PAD is needed in order to identify new therapies to improve functional performance in PAD.
Conclusion
PAD is common and will be increasingly prevalent as the US population survives longer with chronic disease. Patients with PAD have greater functional impairment and faster functional decline than individuals without PAD. Functional impairment and functional decline are observed even among PAD patients who are asymptomatic. Therapeutic options available to improve functional performance in PAD have limitations. Although supervised treadmill exercise effectively improves PAD-related walking performance, Medicare and most medical insurance companies do not pay for this therapy, limiting access to this therapy. Consequently, most patients with PAD do not participate in supervised treadmill exercise. Lower extremity endovascular revascularization has limited durability and functional improvements from the FDA-approved medications for PADrelated functional impairment have limited efficacy. Further research is needed to improve our understanding of the mechanisms of functional impairment and functional decline in people with PAD. This information will help identify new therapies to improve outcomes and quality of life in people with PAD. 
